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LONG TRAVEL SUSPENSION FOR
TRACKED VEHICLE

This 1s a continuation of application Ser. No. 08/671,103,
filed Jun. 28, 1996, (allowed as U.S. Pat. No. 5,667,031),

which, 1n turn, 1s a continuation of 08/325,662, filed Oct. 19,
1994 (abandoned), which, in turn, is a continuation-in-part

of application Ser. No. 08/110,879, filed Aug. 24, 1993
(issued as U.S. Pat. No. 5,370,198), which, in turn, is a
continuation-mn-part of application Ser. No. 07/951,152,
filed Sep. 25, 1992 (abandoned) which is incorporated
herein by reference.

FIELD OF THE INVENTION

This 1invention relates to vehicle suspensions, and more
particularly, to a new and improved suspension of an endless
drive track of a snowmobile that provides improved vehicle
control and comfort of humans using the vehicle over a wide
range of terrain from smooth to rough holed and mounded
arcas of snow and ice and a wide range of speeds and when
cornering.

BACKGROUND OF THE INVENTION

Prior art U.S. Pat. Nos. 4,518,056 and 3,966,188 whose
detailed description and drawings are specifically icorpo-
rated by reference into this specification.

Tracked vehicles such as snowmobiles have rear suspen-
sion systems generally consisting of front and rear suspen-
sion arms pivotally mounted on a shaft rotatably connected
to the frame of the snowmobile and a slide frame comprising
a pair of laterally spaced slide rails or longitudinal skids
interconnected transversely on opposite sides of the
machine. The slide rails are 1n shiding contact with an
endless belt which provides ice and snow surface contact
and friction drive for the snowmobile. In many current
arrangements, there are four suspension arms: a front pair of
arms located on opposite sides of the snowmobile and
pivotally connected to the forward end of the slide rails, and
a separate rear pair of arms. Each pair 1s connected to the
slide rails or to a bracket capable of pivoting movement. A
shackle or sliding block mechanism interconnects the rear
suspension arm and the slide rails to permit relative linear

movement.

This configuration allows the front and rear suspension
arms to operate independent of one another which 1s thought
advantageous 1n the prior art because of favorable weight
transfer characteristics which enhance ftraction. This
independence, however, has been found to result in rough
and unsteady rides for the rider, particularly when the rear
suspension of the track encounters an elevated mound of ice
or snow or the upward side of a depression. This detracts
from the enjoyment and the utility of the vehicle since there
are many areas which, when traversed, will unduly subject
the rider(s) to severe jolts and stress.

The mdependence between the front and rear suspension
arms adversely affects the snowmobile 1n several ways.
First, track tension 1s not adequately maintained when there
1s extreme deflection of either one of the front or rear
suspension arms. Particularly, when there 1s an excess of 7
inches of suspension arm travel measured vertically between
the suspension arm connection to the chassis and the sus-
pension arm connection to the slide rails. In prior art the
lower rear arm pivot has been allowed to move freely 1n a
rearward direction relative to the slide rail. This unregulated
movment allows the variation in track tension to be larger
than desireable as a result of the independent movement of
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the front and rear arms. When the opposite occurs and the
lower rear arm pivot 1s allowed to move unregulated to a
forward position the increase 1n variations also occurs.
These variations can reduce the comfort, control, track life
and ultimately the safety of the rider.

When the track tension 1s reduced due to the independent
rearward movement of the lower rear arm pivot relative to
the shide rail the track can derail or be forced off of it’s guide
system which can instantly stop the driving movement of the
track resulting 1n possible loss of control of the vehicle by
the rider.

When track tension 1s increased due to the independent
forward movement of the lower rear arm pivot relative to the
slide rail, the tension or stretching subjected to the track can
damage the mternal construction of the track and internal or
external crosslinks if used on track.

Second, 1t requires the associated springs and shock
absorbers to be sprung and dampened stiffly because each
must individually support the high loads when 1impact occurs
at either the front or rear extreme of the slide rails. That 1s,
because each suspension arm acts independently, it must be
engineered to withstand and control the full impact of the
bump and weight of the snowmobile by itself. This results 1n
a normal ride that 1s less comfortable due to stifiness.

Third, when the front suspension arm deflects as it con-
tacts a bump, the independent rear suspension arm remains
1n its ride position or fully extended position. This results in
an angle of incidence between the slide rails and the bump.
Unless the impact 1s then large enough to compress the rear
suspension arm spring and shock absorber assembly, thereby
flattening the angle of 1ncidence, the slide rails will act as a
ramp forcing the rear of the snowmobile upward. That 1s,
with the slide rails angled 1n an upward i1ncline due to the
independent deflection of the front suspension arm but not
the rear suspension arm, the snowmobile will hop over the
pump, 1mparting a secondary jolt which increases in inten-
sity with the speed of the snowmobile.

Some prior art suspensions have been made to reduce the
independent movement between the front and rear suspen-
sion arms I1n an attempt to diminish the adverse etfects
described above. However, such attempts have resulted in
the creation of additional problems. One of these additional
problems relates to traction of the snowmobile upon accel-
eration caused by the improper transfer of weight by the
suspension assembly. When a snowmobile 1s rapidly
accelerated, a drive sprocket driven by the engine creates an
abrupt pulling force 1n the upper surtface of the track. This
tension reacts through the rear track support wheels resulting
in a forwardly directed force to the slide rails. Therefore,
upon rapid acceleration, the slide rails are urged forwardly.
Additionally in the prior art systems no means have been
incorporated to adequately control track tension when ver-
ticle suspension displacements have been increased to over
7" of travel.

SUMMARY OF THE INVENTION AND
ADVANTAGES

The present invention comprises a suspension assembly
for suspending an endless track benecath the chassis of a
tracked vehicle, e.g., a snowmobile, and maintaining the
frack traction at a substantially uniform tension while the
snowmobile accelerates and traverses bumpy terrain. The
assembly comprises an elongated slide rail having an
upwardly curved forward end and a rearward end. A front
suspension arm has an upper end adapted for pivotal con-
nection to the snowmobile chassis and a lower end pivotally
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connected to the shide rail adjacent its forward end. A rear
suspension arm has an upper end adapted for pivotal con-
nection to the snowmobile chassis and a lower end con-
nected to the shide rail adjacent its rearward end. A biasing
means urges the slide rail away from the upper ends of the
front and rear suspension arms. The improvement of the
invention comprises a weight transfer coupler means dis-
posed between the lower end of the rear suspension arm and
the slide rail for urging the rearward end of the slide rail in
an elevated inclined condition relative to the forward end of
the slide rail in response to forwardly acting forces imposed
on the slide rail to transmit an increasing percentage of the
snowmobile weight through the front suspension arm and
the forward end of the slide rail during acceleration.

Good weight transfer 1s the result of torque applied to the
track and then imparted to the slide rail through the front
suspension arm. This allows the chassis to rotate around the
front suspension arm during acceleration. The subject
welght transfer coupler means 1s so effective that, upon
mitial acceleration, this rotation raises the front of the
snowmobile often times lifting the skies slightly off of the
oround. The result 1s a greatly increased amount of traction
on the snowmobile as the weight force of the snowmobile
and rider 1s concentrated over the very small surface arca of
track beneath the forward end of the slide rail. To accom-
plish this, the weight transterring coupler means elevates the
rearward end of the slide rail during acceleration while
simultaneously urging the forward end of the slide rail
downwardly into contact with the ground support, thereby
concentrating the weight force of the snowmobile and rider
over a very small area of the track.

In addition, the unique geometric configuration of the
subject suspension assembly provides an increased range of
travel of the slide rail with an undue tilting of the slide rail
when rough and bumpy surfaces are encountered. This 1s
accomplished through a coupling of the front and rear
suspension arms to limit the amount of angular variations in
the slide rail as 1t traverses uneven terrain. The limited
angular movement of the slide rail allows the rear suspen-
sion to traverse snow bumps with little or no secondary
impact to the rider(s). This limited angular movement of the
slide rail also reduces the variations in track tension or the
stretching and loosening of the track which 1s encountered 1n
prior art designs whenever a track and slide rail assembly are
displaced significantly. In other words, the suspension
assembly of the subject invention maintains the track within
an optimum tension range during all phases of operation to
prevent derailment or breakage of the track.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages of the present invention will be readily
appreciated as the same becomes better understood by
reference to the following detailed description when con-

sidered 1n connection with the accompanying drawings
wherein:

FIG. 1 1s a side view of a snowmobile equipped with the
prior art suspension assembly traversing a bump;

FIG. 2 1s a view as m FIG. 1 showing the prior art
suspension assembly clearing the bump;

FIG. 3 1s a side view of a snowmobile assembly equipped
with a suspension assembly according to the subject inven-
tion;

FIG. 4 1s a perspective view of the suspension assembly
of the subject 1nvention;

FIG. § 1s a side view of the suspension assembly during,
normal operation;
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FIG. 6 1s a view as 1n FIG. § showing the suspension
assembly traversing a bump;

FIG. 7 1s a view as 1n FIG. 6 showing the suspension
assembly clearing the bump;

FIG. 8 1s a side view of the suspension assembly during
acceleration, and with the suspension assembly shown 1n the
normal travel (zero acceleration) position in phantom;

FIG. 9 1s a cross-sectional view taken along lines 9—9 of
FIG. 6;

FIG. 10 1s a view as 1 FIG. 9 showing an alternative
embodiment of the weight transferring coupler means;

FIG. 11 1s a simplified side view of the improved shock
absorber assembly of the subject invention; and

FIG. 12 1s a simplified partial cross-sectional view of the
shock absorber assembly of FIG. 11.

FIG. 13 1s a simplified view of the subject suspension with
the rearward travel of the lower rear arm pivots (relative to
the rail) regulated. It also includes an extension spring which
represents the desired track tension 1n this suspension.

FIG. 14 1s a simplified view of a suspension without the
rearward travel of the lower rear arm pivot (relative to the
rail) regulated and the above mentioned spring in reduced
tension.

FIG. 15 1s a simplified view of a suspension without the
forward travel of the lower rear arm pivot (relative to the
rail) regulated and the above mentioned spring in increased
tension.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIGS. 1 and 2 1illustrate a prior art snowmobile and
suspension assembly wherein the front and rear suspension
arms act independently of one another. As 1llustrated, when
the front suspension arm contacts a bump, 1t raises while the
rear suspension arm remains extended, thus creating an
angle of incidence between the slide rails and the bump. The
slide rails act as a ramp forcing the rear of the snowmobile
chassis upward as the track climbs over the bump. This
angled approach to the bump imparts a secondary jolt to the
rider which increases 1n intensity with an increase in the
speed at which the bump 1s approached. Additionally, this
independence between the front and rear suspension arms
causes uncontrollable slackening or tightening of the track,
which ultimately results 1n track derailment or breakage.

Turning now 1n greater detail to FIG. 3, a snowmobile 1s
ogenerally shown at 10 having a body frame or chassis 12 that
mounts a seat 14 on the upper side thereof. A suspension and
endless track assembly 1s generally indicated at 16.

When seated on the snowmobile seat 14, a driver manu-
ally steers the vehicle 10 by a handlebar assembly 18 that 1s
secured to a steering shaft 20 which extends through a
compartment 22 for the internal combustion engine 24 and
belly pan 26 1nto operable connection with a pair of steerable
skis 28 through suitable steering linkage preferably arranged
so that the mside cornering ski 28 turns at a greater angle
than the outside ski 28 of the turn to provide comifortable
steering. Also, a forward angling of the ski support legs
causes the steering skis 28 to bank 1nto turns for improved
maneuverability and handling.

The belly pan 26 curves rearwardly to the forward end of
the endless track assembly 16 of the vehicle 10. The full
welght of the driver and a major percentage of the vehicle
welght rides directly over the track assembly 16 for
improved traction.

The track assembly 16 has a cushioning track suspension
system which 1s of the slide rail type, as illustrated 1n FIGS.
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4-8, which can be adjusted for weight distribution and ride.
A pair of slide rails 30 mount track support wheels 32, 34,
36 which contact an inner surface of the track 38 so that the
snowmobile 10 can traverse uneven surfaces of the snow
and 1ce with a smoother ride and firmer control as compared
o various alternative prior art systems.

The engine 24 has a drive chain or other system that
fransmits engine torque to a pair of main drive wheels or
sprockets 40 which drivingly engage the inner drive surface
of the track 38. Trailing rear track support wheels 42 are
supported on the slide rails 30 by an axle shaft 44.

Front and rear suspension arms 46 and 48, respectively,
interconnect the slide rails 30 with the body frame 12. The
front suspension arm 46 has a lower end pivoted at 50 to an
car 54 or other support structure extending upward from the
respective slide rails 30. The upper end 52 of the front
suspension arm 46 1s pivotally supported by the upper pivot
56 connected to the chassis or frame 12. The rear suspension
arm 48 1s similar to the front suspension arm 46 in con-
struction and length. The rear suspension arm 48 includes a
lower end 38 and an upper pivoted end 60 connected to the
snowmobile chassis 12, as shown i FIGS. 4 and 9.

A biasing means 1s provided for urging the slide rails 30
away from the upper ends 52, 60 of the front 46 and rear 48
suspension arms. The biasing means preferably includes
helical compression springs 62, 64 however other spring
forms such as torsion springs or composite leaf springs may
also be used. An extension limiter, such as straps 65 shown
in FIG. 4, may be used to prevent over extension of the slide
rails 30 by the springs 62, 64. A dampener means 1s provided
for dampening the displacement and return rate of the
biasing means. The dampener means 1ncludes front and rear
suspension struts 66, 68, shown 1n FIGS. 4-8, cach com-
prising a double acting hydraulic shock absorber with an
outer support tube 70 pivotally connected at 1ts lower end by
a mounting member 75 to the slide rails 30 by a cross shaft
76. Alternatively, one or both of the shock absorbers 66, 68
may be of the gas-filled type. If of the gas-filled type, the rear

shock absorber 68 may include a reservoir 71, as shown 1n
FIG. 4.

The shock absorbers 66, 68 1n FIGS. 11 and 12 of the

struts have a piston assembly 72 operatively mounted
therein. Each piston assembly 72 has a piston rod 74 which
has a mounting member 73 at their distal upper end that
pivotally connects by the upper ends 52, 60 of the suspen-
sion arms 46, 48 to the body frame 12. Suspension springs
62, 64 scated on the lower shock absorber mounts 75 extend
upward therefrom around the shock absorber piston rods 74
to an upper seat 78 within the mounting member 73 that 1s
connected to a shock mount extension 79 from the upper
ends 52, 60 of the suspension arms 46, 48. The upper end 60
of the rear suspension arm 48 i1s connected with the rear
spring 64 suspension and shock absorber 68 unit. The
springs 62, 64 provide spring suspension for the slide rails
30 as the shock absorbers 66, 68 reciprocate 1n their cylinder
tubes 70 to hydraulically (or gas-hydraulically) check the
action of the suspension springs 62, 64.

A weight transferring coupler means, generally 1indicated
at 80 1n FIGS. 4-9, 1s disposed between the lower end 38 of
the rear suspension arm 48 and each of the slide rails 30 for
urging the rearward end of the slide rails 30 1n an elevated
inclined condition relative to the forward end of the shide
rails 30 1n response to forwardly acting forces imposed on
the slide rails 30 to transmit an increasing percentage of the
snowmobile 10 weight through the front suspension arm 46
and the forward end of the slide rails 30 during acceleration.
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Thus, the weight transterring coupler means 80 results 1n
cgood weight transfer when accelerating torque 1s applied to
the track 38 through the slide rails 30. This allows the
snowmobile chassis 12 to rotate around the front suspension
arm 46, initially raising the front of the snowmobile 10 and
often times lifting the skis 28 oif the ground.

It 1s well known that the friction associated with traction
1s dependent upon the contact pressure, 1.€., the weight
forces distributed over the contacting surface area. Thus, the

welght transferring coupler means 80 greatly increases the
amount of traction of the snowmobile 10 by lifting the
rearward end of the shide rails 30 up, away from the ground,
and forcing the forward end of the slide rails 30 and track 38
forwardly and downwardly into biting engagement with the
oground, thereby concentrating the weight force of the snow-
mobile 10 and nider over a very small surface area.

The weight transferring coupler means 80 includes a
pintle 82 extending from each side of the lower end 58 of the
rear suspension arm 48 such that one pintle 82 1s provided
for each of the slide rails 30. A slot 84 1s formed 1n each of
the slide rails 30 with the pintles 82 disposed 1n the slots 84.
A shide block 86 pivotally surrounds each pmtle 82 and 1s
slideably disposed 1n each of the slots 84, as shown 1n FIGS.
5-9. Alternatively, as shown 1n FIG. 10, instead of the slide
block 86, the pintles 82' may be held in the slots 84' with an
clastomer 88' which allows resilient pintle 82' displacement
only 1n the direction of the slot 84'. The regulation of
forward and rearward movement of the pintles or lower rear
arm pivot 1s determined by designed travel limits of the
clastomer and 1t’s support materials. As well known 1n the
art, the slide rails 30 have a generally linear bottom track
engaging portion 90 which extends rearwardly from their
upwardly curved forward ends. The slots 84 formed 1n the
slide rails 30 preferably extend at an acute angle relative to
the linear bottom track engaging portion 90 of the slide rails
30. In practice, angles of 45° have been found to provide
satistactory results, however 1t will be readily appreciated by
those skilled 1n the art that other acute angles or curvilinear
conflgurations are also possible.

The angle of the slot 84 provides two 1mportant functions.
First, the angle of the slot 84 1s generally aligned with the
angle of the rear suspension arm 48 when a driver 1s
mounted on the snowmobile 10. Thus, because the slot 84 1s
ogenerally aligned with the angle of the rear suspension arm
48, any forces transmitted along the rear suspension arm 48
are eliminated. This 1s because, due to the rear suspension
arm 48 pivotable upper connection 60 the rear suspension
arm 48 1s not capable of transmitting a moment, or torque,
thus allowing only linear force transmission only along its
length. Said another way, the shock absorber 68 and spring
64 combination adjacent the rear suspension arm 48 neces-
sarily transmits all weight force at that rearward end of the
slide rails 30 because the rear suspension arm 48 1s generally
aligned with the angle of slot which provides no back-up, or
restraint, to the forces otherwise transferred down the length
of the rear suspension arm 48 because the slide block 86 will
not bottom 1n the slot 86 simply under the static weight of
a rider. Therefore, very little friction (i.e., only that friction
caused by the vector component of the weight force result-
ing from any misalignment between the angle of the slot 84
and the rear suspension arm 48) is imparted between the
slide block 86 and the side walls of the slot 84. The reduction
in friction allows the couple mechanism 80 to operate with
very little resistance.

Secondly, the angled orientation of the slot 84 provides a
ramping effect, or camming effect, urging the rearward end
of the slide rails 30 upwardly upon application of a for-
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wardly directed force to the slide rails 30 during accelera-
tion. Or, thought of in the reverse relative sense, the cam-
ming action forces the snowmobile chassis 12 to rotate in
nose-up condition thus shifting weight from the front skis 28
to the rear suspension assembly 16. This, coupled with the
fact that very little friction 1s generated by way of the
ogenerally aligned angle of the rear suspension arm 48 and
the slots 84 means that during acceleration of the snowmo-
bile 10 there 1s very little resistance to this transfer of weight
which results 1n an increase belt 38 traction. Said another
way, the angled slots 84 allow the front of the chassis 12 to
rotate upwardly, 1.€., clockwise as viewed from FIGS. 5-8,
about the front suspension arm 46 upon acceleration thus
concentrating the weight forces upon the forward ends of the

slide rails 30.

A small debris escape port 92 1s formed 1n the lowermost
corner of each slot 84 for expelling snow, dirt and other
debris which may locate in the slot 84 during operation.
Also, preferably, the slide blocks 86 are fabricated from a
synthetic material, such as nylon or other high density, high
lubricity polymer.

There 1s normally a slight clearance (e.g., 0.25 inch)
between the upper contact face of the slide block 86 and the
upper end of the slot 84, as shown 1n FIG. 5. When the
forward end of the slide rails 30 first encounter a mound of
snow or other bump, the slide rails 30 will move rearwardly
and the front suspension arm 46 will begin to turn at its
upper end pivot 52. When this occurs, as shown 1n FIG. 6,
the inclined walls of the slide block 86 and the slot 84 will
take up the clearance (e.g., 0.25 inch) so that the rear
suspension arm 48 then automatically couples with the front
suspension arm 46 so that they move in concert. On this
automatic coupling, a parallelogram linkage 1s established
so that as the slide rails 30 move, their linear bottom track
engaging portions 90 remain substantially parallel to the
oground.

Then, as shown 1n FIG. 7, as the slide rails 30 begin to
clear the mound of snow, the biasing action of the front
spring 62 suspension and shock absorber 66 unit and its
extended lever arm position force the forward end of the
slide rails 30 downwardly to meet the ground, thereby
resulting 1n the slide blocks 86 being displaced to the bottom
lower ends of the slots 84. Once the slide blocks 86 bottom
in their slots 84, the front and rear suspension arms 46, 48
are once again coupled. This results in a smooth transition
over the bump back to flat ground. It also results 1n minimum
variation of the angle of the slide rail which minimizes the
variation 1n track tension. Once on flat ground again, the
suspension 16 returns to the normal ride position of FIG. 5
with the slide blocks 86 located adjacent the upper end of the
respective slots 84, with only a slight clearance, ¢.g., 1n the
order of 0.25 inch, between the two members.

Accordingly, when the slide rails 30 encounter a bump, a
signal 1s sent through the sliding coupling 80 to actively
connect the front 46 and rear 48 suspension arms so that both
arms swing together for maintaining slide rail 30 orientation
throughout the bump. This, among other advantages,
reduces or eliminates the secondary kick normally experi-
enced when bumps are encountered.

The 1improved weight transfer phenomena accomplished
by the subject suspension 16 1s illustrated in FIG. 8. In FIG.
8, the suspension assembly 16 1s illustrated in phantom 1n
the normal travel position, similar to that shown 1n FIG. §.
However, upon application of a torque to the drive sprocket
40, a forwardly acting force 1s imparted to the slide rails 30
via increased track tension pulling against the rear track
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support wheels 42. This creates a calming effect with the slot
84 of the weight transferring coupler means 80 riding up (in
a relative sense) the slide block 86 to upwardly displace the
rearward ends of the slide rails 30 and, at the same time,
forwardly and downwardly displace the forward end of the
slide rails 30 about the arc of the front suspension arm 46.
This action causes an increasing percentage of the snow-
mobile 10 weight and rider weight to be transferred sub-
stantially through the front suspension arm 46 and forward
ends of the slide rails 30. This, in turn, concentrates this
welght force over a very small surface area of the track 38
o 1ncrease traction.

The use of coupling between the front 46 and rear 48
suspension arms also allows for softer spring 62, 64 rates
and shock absorber 66, 68 calibrations. This configuration
thus permits use of a less expensive suspension system that
would normally be used to 1solate the rider from severe
bottoming. The weight transferring coupler means 80 of the
subject invention allows a controlled amount of 1indepen-
dence between the front 46 and rear 48 arms, 1.e., when
accelerating and clearing bumps, but stops the front 46 and
rear 48 suspension arms from acting totally independent of
one another.

When an impact occurs at either end of the shide rails 30,
cither at their forward or rearward ends, the weight trans-
ferring couple mechanism 80 forces the other non-impacted
suspension arm to engage at a predetermined displacement
when the slide block 86 bottoms or tops out against the slot
84 forming a parallelogram (four-bar linkage) lending spring
and dampening force to the other impacted suspension arm.
This lending of spring and dampening force between the two
suspension arms 46, 48 ultimately requires less work from
the individual components. In other words, there 1s a sharing
of work between the spring 62, 64 and shock absorber 66, 68
combinations at the front 46 and rear 48 suspension arms.
This makes 1s possible to use softer shock and spring
calibrations than normal thus permitting use of less expen-
sive shock and spring assemblies and also eliminates the
sophisticated linkages normally used on performance snow-
mobiles thus further reducing cost as well as weight. Such
prior art linkages used to manipulate the shock absorber
travel 1nto progressively faster shock speed during suspen-
sion travel 1s known as “rising rate” in the industry.

Turning now in greater detail to improved maintenance of
track tension that can be achieved by regulating the rearward
or forward motion of the pintle 82 and slideblock 86 (or
lower rear arm pivot). By regulating the rearward or forward
lower rear arm pivot travel to predetermined fore and aft
distances on the slide rail it 1s possible to control variations
in track tension. This 1s accomplished most often by main-
taining the generally parallelogram shape of the track as the
suspension 1s compressed, however 1n some situations it can
be desireable to vary from the parallelogram shape.

It 1s well known 1n the art that reducing the variations 1n
track tension throughout a suspension’s total travel, 1s desir-
able and a objective 1n suspension design.

In FIG. 13 the desired track tension 1s represented 1n an
extension coil spring and the distance between points A and
B is the desired tension for the track (seen at the upper rear
portion of the track 38). The rear of the suspension is in
contact with a bump and the travel of the pintles 82 and slide
block 86 or lower rear arm pivot has been regulated. It can
be secen that the slanting portions of the track remain
essentially parallel as well as the upper and lower section of
the track forming the desired general shape of a parallela-
oram. It 1s the maintenance of this shape which delivers
control over variations in track tension.
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In FIG. 14 with out the regulation of the lower rear arm
pivots travel limiting 1t’s reaward travel the parallelogram
shape of the track 1s lost resulting in a reduction 1n track

tension indicated by the reduction 1n distance between points
A and B.

In FIG. 15 with out the regulation of the lower rear arm
pivot travel limiting 1t’s forward travel the parallelogram
shape of the track 1s again lost resulting 1n an increase 1n
frack tension as indicated by the increase 1n distance
between points A and B.

Further to the above described design if the slide block
mechanism attached to the lower rear arm pivot was
replaced by a traditional shackle design as shown attached to
the lower pivot of the rear arm 1n FIG. 1, the regulation of
the rearward and forward movement of the lower rear arm
pivot relative to the slide rail would also and control
variations 1n track tension.

Further to both the designs described above the total
restriction of forward and rearward movement of the lower
rear pivot would also achieve the objectives described above
of maintaining track tension by maintaining the generally
parallelogram shape of the track.

In the present mvention, the shock absorbers 66, 68 arc
attached 1n simple fashion without extra linkages, as was
common practice 1n the prior art. This geometry, as 1llus-
trated 1 FIGS. 4-8, 1s known 1n the industry as “falling
rate”, referring to the fact that the speed of the shock
absorbers 66, 68 decreases, 1.e., decelerates, during com-
pression travel. With this decrease 1n speed comes an
increase 1n rider comiort, resulting from reducing resistance
as the suspension 16 travels. Falling rate geometry has been
looked upon somewhat distfavorably 1n the prior art because,
in a typical prior art suspension having a maximum of 7/
inches of travel or less (between the suspension arms and the
slide rails) there is a tendency for the suspension to bottom
more c¢asily. Even though the bottoming problem 1s largely
avolded with this invention because of the increased travel
(in excess of 7 inches), an improved dampening means 1s
employed to provide progressively increased spring damp-
ening as the suspension 16 approaches its maximum travel
limits. Thus, the extra travel of this invention’s suspension
assembly 16 1s further enhanced by the prevention of
bottoming 1n a manner comfortable to the rider, whereby a
progressive dampener 66, 68 of a unique design 1is
employed.

Turning to FIGS. 11 and 12, a shock absorber assembly
having a progressive dampening effect 1s achieved by pro-
oressively decreasing the flow area through which the
by-pass fluid may route during the stroke of the piston 72.
To this end, a helical, tapered passage 94 is formed in the
interior wall of the cylinder 70. This passage 94 runs along
the side of the interior wall so that when the shock absorber
66, 68 1s compressed or extended, the area of the passage 94
decreases, resulting in increased by-pass flow restriction
therethrough. This, 1n turn, forces an increase of fluid to
travel through the normal valving mechanism 96, thus
providing a progressive dampening effect. Varying shock
speeds may determine the amount of fluid to travel through
the valving 96 and passage 94. The passage 94 arca will
decrease to zero at a predetermined ending position. This
will force fluids to travel exclusively through the valving
control mechanism 96. Alternatively, the passage 94 may
run the entire useable length of the cylinder body 70. Also
alternatively, as shown 1n FIGS. 11 and 12, there may be a
pair of helical passages 94 arranged 180° out of phrase. Of
course, more than two such passages 94 are possible, in
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which case 1t 1s preferable to locate the passages 94 in
equally spaced circumierential increments, 1.€., out of phase
with each other, about the inner wall of the cylinder body 70.

The tapered passage 94 may vary in both cross-sectional
arca and axial position, depending on the suspension design
and requirements. The helical design allows for consistent
flow of fluid within the shock absorber 66, 68 and results 1n
increased piston 72 and piston ring (not shown) life.

A suspension of falling rate design, 1.e., as suspension
movement increases the dampener movement decreases in
its relative movement to the suspension in jounce, will
benelit due to progressive flow restriction created by the
helical tapered area passage 94. This allows for increased
jounce dampening control of the suspension system.
Alternatively, a suspension of rising design, 1.e., as the
suspension movement mcreases the dampener increases in
its relative movement to the suspension in jounce, will see
loss of dampening control 1n rebound. In this instance, an
inverted helical tapered passage 94, 1.e., one that enlarges
with continued axial displacement, will allow for progres-
sive and 1ncreased flow and dampening control 1n rebound.
Alternatively, the helical passage 94 may have a constant
cross-sectional area over a given axial length and then begin
to restrict (or liberalize) flow by decreasing (or increasing)
the cross sectional area of that passage 94 at different axial
positions. This can be achieved by tapering the passage 94
or by varying the multiple passage 94 ending positions.

The helical nature of the passage 94 provides several
advantages. For example, the helical shape 1s easily formed
using a lathe technique, whereas prior art passages which are
straight axial require a complicated broaching or forming
technique. Also, the helical passage 94 promotes extended
piston and piston ring life because the position at which the
passage 94 and axially reciprocating piston assembly 72
meet 1s constantly varying. Also, as compared to prior art
straight axial passages, the subject helical passage 94 allows
the cylinder 70 to be manufactured from thinner gauge
tubing because there 1s less chance of the cylinder 70
splitting along the passage from high internal pressures.

The 1nvention has been described 1n an 1illustrative
manner, and i1t 1s to be understood that the terminology
which has been used 1s intended to be 1n the nature of words
of description rather than of limitation.

Obviously, many modifications and variations of the
present invention are possible in light of the above teach-
ings. It 1s, therefore, to be understood that within the scope
of the appended claims the i1nvention may be practiced
otherwise than as specifically described.

What 1s claimed 1s:

1. A suspension assembly for suspending an endless track
benecath a tracked vehicle chassis and for maintaining the
frack at a generally uniform tension during compressive
travel of the suspension assembly toward the vehicle
chassis, the suspension assembly comprising;:

an elongated shide rail having a forward end, a rearward
end and a bottom track engaging portion;

a front suspension arm having an upper end adapted for
pivotal connection to the vehicle chassis and a lower
end pivotally connected to the slide rail;

a rear suspension arm having an upper end for pivotal
connection to the vehicle chassis and a lower end
pivotally connected to the slide rail;

biasing means for urging the slide rail away from the
vehicle chassis; and

a slide rail regulator for regulating upward movement of
the forward end of the slide rail to upward movement
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of the rearward end of the slide rail during at least a
portion of the compressive travel.

2. The suspension assembly of claim 1 wherein the side
rail regulator comprises a portion of the rear suspension arm.

3. The suspension assembly of claim 1 wherein a portion
of the side rail regulator comprises a telescoping relationship
with a portion of the suspension assembly.

4. The suspension assembly of claam 3 wherein the
telescoping relationship comprises a slot formed 1n the shide
rail and the lower end of the rear suspension arm slidably
disposed within the slot.

5. The suspension assembly of claim 1 wherein a portion
of the side rail regulator comprises a sliding relationship
relative to a portion of the suspension assembly.

6. The suspension assembly of claim 1 wherein the front
and rear suspension arms comprise a generally equal length.

7. The suspension assembly of claam 1 wherein the
biasing means comprise a rear piston and cylinder assembly
extending between the slide rail and the vehicle chassis.

8. The suspension assembly of claim 1 wherein the slide
rail regulator regulates forward movement of the lower end
of the rear suspension arm relative to the length of the slide
rail.

9. The suspension assembly of claim 1 wherein the slide
rail regulator regulates rearward movement of the lower end
of the rear suspension arm relative to the length of the shide
rail.

10. The suspension assembly of claim 1 further compris-
ing a flexible endless track disposed in sliding engagement
with the slide rail.

11. The suspension assembly of claim 1 wherein the slide
rail regulator regulates pivotal movement of the upper end of
the rear suspension arm relative to the vehicle chassis.

12. The suspension assembly of claim 1 wherein the slide
rail regulator regulates pivotal movement of the upper end of
the forward suspension arm relative to the vehicle chassis.
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13. The suspension assembly of claim 1 wheremn the
forward suspension arm 1s substantially parallel to the rear
suspension arm during compressive travel of the suspension
system.

14. The suspension assembly of claim 1 wheremn the
forward suspension arm, the rear suspension arm, the slide
rail and the vehicle chassis comprise a parallelogram linkage
system.

15. A suspension assembly for suspending an endless
track beneath a tracked vehicle chassis and for maintaining
the track at a generally uniform tension during compressive
travel of the suspension assembly toward the wvehicle
chassis, the suspension assembly comprising;:

an elongated slide rail having a forward end, a rearward
end and a bottom track engaging portion;

biasing means for urging the slide rail away from the
vehicle chassis;

a front suspension arm having an upper end adapted for
pivotal connection to the vehicle chassis and a lower
end pivotally connected to the slide rail;

a rear suspension arm having an upper end for pivotal
connection to the vehicle chassis and a lower end
pivotally connected to the slide rail, a portion of the
rear suspension arm comprising a telescoping relation-
ship with a portion of the suspension assembly such
that upward movement of the forward end of the slide
rail 1s coupled to upward movement of the rearward
end of the slide rail during at least a portion of the
compressive travel.

16. The suspension assembly of claim 15 wherein the

telescoping relationship 1s with the shide rail.



	Front Page
	Drawings
	Specification
	Claims

